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Article 
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Abstract: We performed arthroscopically assisted coracoclavicular (CC) stabilization using a suture button 

device for modified Neer type IIb lateral clavicle fractures accompanied by CC ligament injury. The purpose 

of the present study was to evaluate the radiological and clinical outcomes of this procedure. Six consecutive 

patients with modified Neer type IIb fractures were treated with the technique and followed for 12 months. 

Postoperative ranges of motion (ROMs) and X-rays were evaluated every 3 months. Shoulder functional scores 

(University of California Los Angeles score, Japanese Orthopedics Association score), visual analog scale (VAS) 

scores for pain at rest, at night, and during motion, and VAS score for satisfaction were analyzed at 12 months 

after surgery. For the clinical outcomes, early ROM recovery and excellent outcomes were achieved. For the 

radiological outcomes, all patients accomplished bone union, slight superior displacement was noted in the CC 

distance and Dog Bone distance, and bone hole dilation was observed in the superior coracoid and inferior 

clavicle, but there were no critical complications. The present findings indicate that arthroscopically assisted 

CC stabilization with a suture button device for unstable lateral clavicle fractures can produce satisfactory 

radiological and clinical results. 

Keywords: lateral clavicle fracture; coracoclavicular ligament; modified Neer classification; 

arthroscopic surgery 

 

1. Introduction  

Lateral clavicle fractures represent approximately 10%–15% of all clavicle fractures [1] and 50% 

of all ununited clavicular fractures [2]. These fractures have a high nonunion rate (33%) after 

nonsurgical treatment [2]. Nonunions and malunions can result in persistent pain, restricted range of 

motion (ROM), and loss of strength. In the largest available series of nonoperatively managed 

displaced lateral clavicle fractures, 14% of patients eventually required surgery [3], and 

reconstruction of an established nonunion can be technically challenging [4]. Therefore, surgical 

management is commonly offered for displaced lateral clavicle fractures, and multiple surgical 

procedures are available. Lateral clavicle fractures are commonly classified using the Neer 

classification as modified by Craig [5–12]. The modified Neer classification divides lateral clavicle 

fractures into types I to V. Types I and III fractures with an intact CC ligament are stable and can be 

treated conservatively [13]. Type II fractures are regarded as unstable with higher risk of nonunion 

or malunion and are more often considered for surgical management. Type II fractures are further 

subcategorized into types IIA and IIB. In type IIA fractures, the CC ligament remains intact, whereas 

in type IIB injuries, the CC ligament is partially or completely detached [14]. The optimal treatment 
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of type IIB lateral clavicle fractures is controversial because of the instability associated with the CC 

ligament injury and the difficulty in accurate fixation with a small lateral fragment [15].  

Numerous surgical techniques for type IIB lateral clavicle fractures, including K-wire fixation, 

tension band wiring (TBW), CC screw fixation, hook plate, anatomical locking plate, and CC ligament 

reconstruction, have been reported [16]. However, there is no gold standard for surgical treatment of 

this type of fracture [14]. A review found no superiority for any techniques based on functional 

outcomes and union rates [17].  

CC stabilization using a suture button device is a relatively new treatment for type IIB lateral 

clavicle fractures. A biomechanical study revealed that CC stabilization using a CC button and suture 

tapes produced greater stability for superior loading compared with a distal third locking plate in 

type IIB lateral clavicle fractures [18]. Other advantages of CC stabilization for type IIB lateral clavicle 

fractures were lower necessity for implant removal and no need for acromioclavicular (AC) joint 

fixation compared with prior hook plate (HP) fixation. Several studies have reported satisfactory 

clinical and radiological results after CC stabilization using a suture button device for type IIB lateral 

clavicle fractures [6,7,19–21].  

Since 2021, we have performed mini-open reduction and arthroscopically assisted CC 

stabilization using an AC Dog Bone Button device (Arthrex, Naples, FL, USA) as a suspension system. 

The system showed higher stability for superior loading and required minimal bone tunnels (2.4 mm) 

for the coracoid and clavicle compared with other systems, thereby reducing the risk of bone tunnel-

related fractures in the coracoid and clavicle [18]. The purpose of the present study was to evaluate 

the clinical and radiological outcomes of open reduction and arthroscopically assisted CC 

stabilization using the AC Dog Bone Button device for type IIB lateral clavicle fractures accompanied 

by CC ligament injury.  

2. Materials and Methods 

2.1. Patients 

From January 2021 to February 2022, six consecutive patients with modified Neer type IIB lateral 

clavicle fractures and CC ligament injury underwent mini-open reduction and arthroscopically 

assisted CC stabilization using the AC Dog Bone Button device by a senior surgeon (D.M.). All 

patients were classified by preoperative X-ray and computed tomography (CT) examinations and 

were followed up for a minimum of 12 months.  

2.2. Surgical technique 

2.2.1. Presurgical measurement 

Using bilateral X-rays and CT images, the position of the smallest distance between the clavicle 

and coracoid process was measured for bone tunnel creation in the clavicle and coracoid. 

2.2.2. Installation and anesthesia 

All surgical interventions were conducted under general anesthesia with the patient in the beach 

chair position, and an image intensifier was positioned opposite the operated shoulder. 

2.2.3. Mini-open reduction 

A 5-cm incision (4 cm proximal and 1 cm distal to the fracture) was created on the clavicle and 

AC joint. The delta-trapezius fascia was incised to expose the clavicle periosteum. The anterior and 

posterior limits of the fracture and the AC joint were localized to identify the landmark for reduction, 

and the fixation point based on the presurgical measurement was marked. Manual open reduction 

was performed, and the reduction was directly confirmed. A 1.8-mm K-wire was then inserted from 

the acromion to the clavicle for fixation. Accurate reduction was identified by intraoperative 

fluoroscopy. 
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2.2.4. Arthroscopic approaches 

Two standard portals were used. The posterior glenohumeral portal was created first, and the 

instrumental anterior portal was established through the rotator interval using an outside-in 

technique. 

2.2.5. Arthroscopic exploration and exposure 

A diagnostic shoulder arthroscopy was initially conducted to detect any associated lesions. After 

opening the rotator interval, the anterolateral portal was created to allow easy access to the coracoid 

base using an outside-in technique. Using the scope from the posterior portal, the base of the coracoid 

process was progressively exposed to electrocoagulation [6]. During this step, a 70° camera was used 

to clearly show the medial coracoid base. 

2.2.6. Fixation 

A C-shaped ancillary drill guide was inserted through the anterolateral portal positioned under 

the center of the coracoid process. The other end of the guide was applied and placed on the 

presurgically marked point [22]. A 2.4-mm cannulated drill was passed through the clavicle and 

coracoid process under radioscopic guidance. After removal of the ancillary instrument, leaving the 

pin, a lasso was passed through the cannulated drill and retrieved through the anterolateral portal. 

The drill was then removed. Two FiberTapes and the Dog Bone Button (Arthrex) were passed from 

the inferior side of the coracoid process. A superficial Dog Bone Button was also set, and the 

dislocation was reduced by tightening its proximal end. The image was checked while removing the 

fixation K-wire, and the FiberTapes were tightened four times to secure the system. Finally, the 

incisions were closed, with fascia wrapping for knotting and implant. 

2.2.7. Postoperative care 

The patients used an arm sling for 4 weeks. At 2 weeks after surgery, the patients started passive 

and active ROM exercises of anterior elevation (AE) and abduction (ABD) within 90 degrees. At 4 

weeks after surgery, the patients were allowed to conduct passive and active shoulder ROM exercises 

with no limitation. All patients were seen at 1 month for the first radiological and clinical follow-up 

visit and every 3 months until 12 months after surgery. 

2.2.8. Evaluation criteria and follow-up 

Postoperative follow-up took place as consultations, with systematic ROM measurements (AE, 

external rotation [ER], internal rotation [IR]) every 3 months. Shoulder functional scores (University 

of California Los Angeles [UCLA] score, Japanese Orthopedics Association [JOA] score), visual 

analog scale (VAS) scores for pain at rest, at night, and during motion, and VAS score for satisfaction 

were analyzed at 12 months after surgery. 

Standard anteroposterior and axial clavicle X-rays were taken systematically. Bone union, CC 

displacement, and bone hole sizes were assessed. Clavicular displacement was evaluated by 

measuring both the CC distance and the Dog Bone distance (Figure 1). Bone hole sizes were measured 

on the superficial side of the coracoid process and inferior side of the clavicle in the axial position 

immediately after surgery and at 3, 6, 9, and 12 months after surgery (Figure 1). 
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Figure 1. Measurements of the CC distance, Dog Bone distance, and bone holes on the superior 

coracoid and inferior clavicle. ①: CC distance; ②: Dog Bone distance; ③: superior coracoid bone hole; 

④: inferior clavicle bone hole. 

2.3. Statistical analysis 

The differences between the follow-up visits were analyzed by the Friedman test to determine 

which pairwise comparisons reached statistical significance among the CC distance, Dog Bone 

distance, and bone hole sizes in the superior coracoid and inferior clavicle. An α level of 0.05 was 

considered significant for all analyses. Calculations were performed using IBM SPSS v.20 statistical 

software (IBM Corp., Armonk, NY, USA) on a personal computer.  

3. Results 

The patient characteristics and injury types are shown in Table 1. The patients comprised five 

men and one woman, and the mean age was 46.7±12.2 years. The mean surgery time and amount of 

bleeding were 75.8±8.2 min and 20.2±10.8 mL, respectively.  

Table 1. Summary of the patient characteristics and final outcomes. 

 

F: female; M: male; JOA-S: Japanese Orthopedic Association score; UCLA-S: University of California Los 

Angeles score; VAS-P: visual analog score-pain; VAS-S: visual analog score-satisfaction; m: months; ROM: 

range of motion; AE: anterior elevation; ER: external rotation; IR: internal rotation; COMPLs: complications. 

3.1. Functional outcomes 

The postoperative ROMs at 3, 6, 9, and 12 months after surgery were 141.7±19.5, 153.3±18.9, 

170.0±8.2, and 174.2±7.3 for AE, 45.0±10.0, 53.3±14.6, 70.0±5.8, and 73.3±7.5 for ER, and L2±2.7, 

Th11±3.4, Th10±2.7, and Th8±1.6 for IR, respectively (Table 1 and Figure 2). Regarding the shoulder 

functional scores, the mean JOA and UCLA scores were 98.0±3.1 and 34.3±1.0, respectively, at 12 
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months after surgery (Table 1). The mean VAS scores for pain at 12 months after surgery were 0 at 

rest, 0 at night, and 0.3±0.8 during motion (Table 1). The mean VAS score for patient satisfaction was 

91.7±5.2 at 12 months after surgery (Table 1).  

 

Figure 2. Postoperative ROMs. 

3.2. Radiological analysis 

All six patients showed complete bony union, with two showing union at 3 months and four 

showing union at 6 months. Representative X-rays before and after surgery are shown in Figure 3.  

 
Figure 3. Representative X-rays before and after surgery. (A) Preoperative radiograph. (B) 

Postoperative radiograph immediately after surgery. (C) Radiograph at 3 months after surgery. (D) 

Radiograph at 6 months after surgery showing complete bony union with subsidence of the clavicular 

button. (E) Radiograph at 9 months after surgery showing no dislocation. (F) Radiograph at 12 months 

after surgery showing no dislocation. 

For the CC distance, there were significant differences between day 0 and 6, 9, and 12 months 

after surgery (p=0.016, p=0.046, and p=0.003, respectively) and between 3 and 12 months after surgery 

(p=0.016) (Table 2). Otherwise, there were no significant differences at 6 months after surgery. For the 

Dog Bone distance, there were significant differences between day 0 and 12 months after surgery 

(p=0.028) and between 6 and 12 months after surgery (p=0.046) (Table 2).  
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Table 2. CC distances and Dog Bone distances. 

 

m: months; ap<0.05 versus day 0; bp<0.01 versus day 0; cp<0.05 versus 3 months; dp<0.05 versus 6 months; 

*missing data. 

For the bone hole size in the superior coracoid, there were significant differences between day 0 

and 6, 9, and 12 months after surgery (p=0.028, p=0.005, and p=0.001, respectively) and between 3 and 

12 months after surgery (p=0.003) (Table 3). For the bone hole size in the inferior clavicle, there were 

significant differences between day 0 and 6, 9, and 12 months after surgery (p=0.028, p=0.009, and 

p=0.001, respectively) and between 3 and 12 months after surgery (p=0.046). There was no significant 

differences for the bone hole sizes in both the superior coracoid and inferior clavicle at 6 months after 

surgery (Table 3).  

Table 3. Bone hole sizes in the superior coracoid and inferior clavicle. 

 

m: months; ap<0.05 versus day 0; bp<0.01 versus day 0; cp<0.05 versus 3 months; *missing data. 

There were no perioperative complications, including surgical site infection, nerve injury, and coracoid and 

clavicle fractures. 

4. Discussion 

In the present study, we analyzed the clinical and radiological results of arthroscopically assisted 

CC stabilization using a suture button device for lateral clavicle fractures accompanied by CC 

ligament injury (type IIB fracture in the modified Neer classification). The major findings of the study 

were early recovery of active shoulder ROMs, satisfactory clinical outcomes, excellent bone union 

with slightly delayed healing, and low complication rate.  

For the recovery of active shoulder ROMs, to the best of our knowledge, this is the first study to 

analyze the detailed active ROM recovery after arthroscopically assisted CC ligament reconstruction. 

The recovery of active shoulder ROMs was already noticeable at 3 months after surgery despite the 

restriction of active ROM exercises for AE and ABD within 90 degrees for 1 month. Almost full 

recovery of ROMs was achieved at 9 months after surgery, and movement-concomitant 
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complications did not occur. This early recovery can possibly be attributed of the enhanced construct 

strength against superior loading and reduced invasion of soft tissues [18]. Enhanced construct 

strength may lead to decreased pain during shoulder motion, and reduced invasion of soft tissues 

may enable early recovery of muscle strength, and thus early recovery of active shoulder ROMs was 

accomplished. 

Regarding the functional outcomes, the study showed satisfactory clinical outcomes, with mean 

JOA and UCLA scores of 98.0±3.1 and 34.3±1.0, respectively, at 12 months after surgery. Malik et al. 

[16] reported that the shoulder function scores after arthroscopically assisted CC ligament 

reconstruction ranged from 81.8 to 96.2, as assessed by the Constant–Murley score (CMS). For other 

fixation methods, the mean CMS was 85.3 to 88 in the TBW group [23,24], 79.9 to 93.3 in the hook 

plate group, and 82.8 to 98.1 in the locking plate group [25,26]. The present method accomplished 

relatively better ROM recovery and better clinical outcomes compared with similar methods and 

other fixation methods, suggesting that arthroscopically assisted CC ligament reconstruction can be 

an optimal treatment for lateral clavicle fractures accompanied by ligament injury. 

In the radiological outcomes, bone union was achieved in all patients, and the mean union time 

was 5 months. In a previous study on the nonunion rate of this fracture surgery, Raval et al. [13] 

reported a nonunion rate of 18% for fractures with CC ligament injury if treated properly with plate 

fixation. In other studies, arthroscopic CC ligament reconstruction with a suture device had bone 

union rates of 70% to 100% [6–8,10–12,27,28] and union times of 3.5 to 8.4 months [8,10,27]. The 

discrepancy in these results can be attributed to differences in the fixation methods, including fixation 

points, implants, and reductions. Meanwhile, the union rates for the TBW procedure ranged from 

52.6% to 95.6% [29–32]. Uittenbogaard et al. [33] reported that the highest revision rate (30%) was 

observed in TBW compared with other procedures. Malik et al. [17] found that hook plate fixation 

had a good union rate (96.4%), and the mean union time was 3 months. Anatomical locking plates 

also had good union rates (96.9%). Zhang et al. [25] demonstrated that anatomical locking plates and 

hook plates had almost the same union time. In the present study, the rate of bone union was 100%, 

and this result was possibly derived from the accurate bone tunnel placement based on presurgical 

measurement and anatomical reduction with the mini-open technique. Slight superior displacement 

and bone hole dilations were also found with our method. However, there were no significant 

differences at 6 months after surgery and there was also no implant migration in the coracoid and 

clavicle. Hence, these changes did not appear to be critical events. 

No complications were observed with our procedure. In a previous review, the complication 

rate for CC stabilization of lateral clavicle fractures was 4.3% [34]. Furthermore, the rate of major 

complications was 1.0%, including nonunion, implant failure, per-implant fracture, deep infection, 

and coracoid and acromial fractures, while the rate of minor complications was 3.3%, including 

delayed union, hardware troubles, subacromial osteolysis, clavicular erosion, peri-anchor problems, 

loss of reduction, AC joint arthrosis, pain, and superficial infection. In addition, the predominant 

major complication was nonunion and the predominant minor complication was hardware troubles 

for CC stabilization. For other procedures, the complication rate of HP was 45% and its major and 

minor complication rates were 4.5% and 41%, respectively, while the complication rate of LP was 

26% and its major and minor complication rates were 2% and 24%, respectively. Our method may 

reduce major and minor complications through the anatomical reduction with the mini-open 

technique and intense fascia wrapping of the hardware. 

The main limitations of the present study were the small sample size, the lack of a randomized 

control study design, and the short follow-up time. However, the study was comparable with the 

majority of other studies. 

In the present study, our method achieved early ROM recovery, excellent clinical scores, and 

bone union in all patients, with no complications. The major advantages of the method compared 

with other implant fixation methods and previous similar methods are the reduced implant irritation, 

thus reducing the need for a second surgery to remove the implant, and complete bone union. Hence, 

our method can become a favorable procedure for lateral clavicle fractures accompanied by CC 

ligament injury. 
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5. Conclusions 

This study reports the results of arthroscopically assisted CC stabilization using the Dog Bone 

Button device for lateral clavicle fractures accompanied by CC ligament injury. CC stabilization can 

achieve early ROM recovery, satisfactory outcomes, 100% bone union rate, and 0% complication rate.  
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